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TELEPHONE TRAFFIC - DIAL CENTRAL OFFICE 
BQUIPMEMT SWITCH QUANTITIES 


Pui^OBe: ^rppse of -bhin addendum is to describe In detail the calculation of the number of 

tru^s when an Interoffice group is divided into one-way and two-way rbwoSs 

'■ ^s^de^^ribed in Paragraphs 4.8, 4.4, and 4.55. Directional splitting is ecoLmSal o^ 
^■groups Of 11 or sure trunks and It often Is advantageous on toll connectlnfKSuns 
the ® between a tributary and Its toll center may be unequal in ‘ 

the two ^rections during some hours because of the effect of time zones and r^uced 
rate periods. Alao, when DDD service is provided over a one-way group to the Udteting 
center, the remaining toll trunks will carry more inward than outward traffic SleJe 
factors must be taken Into account in any directional division of a toll group order 
to avoid an adverse effect on service. tjroup in oraer 

A dditions; 4,4l Paragraph 4.4 of this section states that " it will be satisfactory to 

aesiune that combination trunk groups are as efficient as a regular graded 
group. For most REA systems this h.as been sufficiently accurate. However, 
there is soiro loss in efficiency when trunlc groups are divided directionally , 

^oad that can be 

carried on divided groups is shown in attached Table 1, 

4.42 The trunk group capacities in Table 1 were derived from the following equations 

Capacity total group (2A + B) = Capacity (A + B) 2 A + B 

A + B 

Where? 


A = number of one-way trunks in each direction (traffic assumed equal i n 
two directions). 

B = number of two-way trunks. 


^r^ex^le, with a group of l6 trurUcs divided into 4 in each direction and 8 In 
both directions A = 4 B s, 8 

(p = .03) » 830 unit calls (RFA 

TE & CM- 510 - Figure 2A) 

Capacity of (2 A + b) or l6 tzmnka « 230 8 8 « 307 u.c. 

4+8 

A group of l6 two-way trunks with regular grading has a capacity of 318 u.c 
at P - .03 grade of service. (Figure 2A). Thfe loss of efficiency, therefore, 
by flplitting the group as indicated la 318- 307 - (ll 7 318) x 100 or 3.3 percent. 

By the uee of the above equation, the capacity of a divided trunk group can be 
calculated for any combination of one-way and two-way trunks. 

In practice, it is considered advisable to provide a minimum of 5 two-way trunks 
for groups of up to 25 trunks to care for normal fluctuations In the flow of 
traffic In the two directions. 

4.43 Attached Table 1 and Figure 1 show the recommended division of trunks and the- 
grading for divided groups of 11 to 25 trunks at both terminals of a trunk 
group. The grading was developed on the, basis of using all 10 terminals of 
■the eeleotor banks. Other combinations', of course, are possible and the 
capacity of any trunk split can be calculated as described. 
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4.44 If there ie reason to believe that the tz^affic on a group Is not equal 
in the two directions ^ a different number of one-way trunks in t two 
directions may be provided. This vdli be the case in a toll group 
handling outward CLR plus inward traffic when a separate group is 
used for access to DDD. In practice, it is not customary to divide 
such groups except perhaps for those with 11 or 12 triinlcs where the 
last one or two trunks might require an extra shelf in a step-by-step 
office, 

4.45 On any divided group it is suggested that the trunk overflow registrations 
at the two terminals be compared at regular intervals and, if there ‘is a 
material difference, adjustments be made in the number of one-way trunks 
assigned to each office. 
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TRUNK CAPACITY TABLE FOH DIVIDED GROUPS 
TEN- TERMINAL ACCESS 



Number 

of Trunka 



Capacity- Unit Calls 
Grade of Service 

To tal 

In 

Out 

Two- Wav 

P - .01 

P..= .-.Q3 

11 

1 

1 

9 

l64 

196 

Ir? 

2 

2 

8 

179 

214 

1.3 

3 

3 

7 

194 

232 

ih 

4 

4 

6 

209 

249 

15 . 

5 

5 

5 

224 

267 

16 

4 

4 

8 

259 

307 ' 

lY 

4 

4 * 

8# 

273 

323 

l<3 

5 

5 

81, 

286 

338 


6 

6 

7 

313 

368 

:''0 

6 

6* 

'fi 

327 

384 

PI 

7 

■( 

n 

340 

399 

29 

8 

8 

6 

j66 

430 

23 

a 

8x 

61 

380 

4lt6 

2k 

9 

9 

611 

394 

462 

25 

10 

10 

9 

i|20 

493 


* One more in one direction* See 1 

II One not terminated on one nhcli. See Figure 1 


TABLE 1 


GRADED f-lUItTIPLE ARRANGEMENTS 
TRUmC GROUPS DIVIDED DIRECTIONALLY 



A 

18 

T 

B 


A 

19 

T 
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A 

20 

T 
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A 

21 

T 

B 


A 

2^ 

T 
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P3 
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( 2 ) M I M 
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A 
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24 
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25 
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( 1 ) I » M 
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(1) ' M M 

(2) MM 




T " Total Trunks in Group 
A " Office A 

Ir 

B - Office B 

(1) - Shelf 1 

(2) Shelf 2 


FIGURE 1 
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TELEPHONE TRAFFIC - DIAL CENTRAL 
OFFICE EQUIBMENT SWITCH QUANTITIES 


Pur£o^: This addendum replaces Addendum No. 1 dated August I961. It 
changes the recommended basis of englneei'lng toll connecting 
trunks from a probability of three or five delays in a hundre 
calls (p = .03 or p !=: .05) to one to three delays in a hundre 
calls (p = .01 - p = .03). It also changes the recommended 
basis of engineering nontoll connecting trunks from a proba- 
bility of five or ten delays in a hundred calls (p = .05 or 
P = .10) to three to five delays in a hundred calls (P = .03 
P = - 05 ). This more liberal provision of interoffice trunks 
is in accordance with standards being adopted by the telephon 
industry. Due to the adverse effect of delays on service, it 
is now recommended that these groups be engineered more 
liberally than in the past. 

Changes; Following are the revised paragraphs of REA TE & CM -510 incor 
poratlng this change in the provision of toll connecting trun 

3.23 The grade of service for interoffice trunks, in general 
will vary from P = .01 to P = . 10 , depending on economi 
factors and the class or classes of traffic to be route 
over the group. It is an observed fact that for all 
types of interoffice trunks the subscriber considers th 
the grade of service rendered should be excellent if th 
distance to the called office is small; on the other 
hand, a somewhat poorer grade of service will be tolera 
when the called office is some distance away. The sub- 
scriber will become impatient more quickly with Inabili 
to get an operator, particularly on an emergency call, 
than with inability to get another subscriber. These a 
other considerations enter into determining an appropri 
grade of service for interoffice trunks. The grades of 
service for nontoll connecting (formerly EAS and short 
haul toll) trunks, in general, will vary from P = ,03 t 
P = . 10 , depending on the cost, classes of traffic to b 
routed over the group and on the type of commimlty serv 
by the tnmk group. 
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3.24 Tor average conditions it Is suggested that Ihe following 
table he used to detemine the number of trunks to pro- 
vide ; 


Toll 

Connecting 

P = .01 - .03 


Nontoll 

Connecting 

P = .03 - .05 


(1) EXCEPTIONS ; Some lees liberal provision of tnnsks 
may be Justified for unusual situations where the 
community served by the trunk group is such that 
the peak traffic each year is of short dvuration. 

A resort or truck farming area where the marketing 
season is short would be examples. Also, less 
liberal provision of trunks would be .justified 
\diere the cost of trunk facilities is excessive . 
Under unusual conditions a grade of servic.e as 
low as .05 may be Justified for toll connecting 
trunks and .10 for nontoll connecting trunks. 

The P = .03 grade of service for nontoll con- 
necting trunks would be desirable: (l) for large 
trunk groups; (2) for trunk groups used in tandem; 
(3) for short haul toll; (4) where the distance 
between offices is very short (a mile or so); 

(5) for any cases where no significant economic 
penalties are incurred. 


(2) Where one or more "high usage" toll connecting 

groups are provided between a tributary and offices 
other than its regular toll center, they would, of 
course, be engineered on a basis of delay much 
greater than P = .01. 


4.554 The grades of service in accordance with paragraph 3*24 
are; 


Group 


EAS 


Grade of 

Toll Service 


A - B X .05 

A - D X ..01 

B - C X .05 

B - D X .01 

C - D X .01 


- - 
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4.555 Consider group A - B. The number of unit calls to be 
carried is 5.7 at P = .05. li’om Figure 2A for this 
grade of service: 

No. of Unit Calls 

Unit Calls Difference 

1.9 


From paragraph 3*22: 

10 percent x 11.0 = 1.10 

If one trunk is to be provided, the maximum traffic 
which the group may carry is: 

1.9 + 1.1 = 3.0 


No. of 
Trunks 

1 

2 


Since the number of unit calls to be provided for exceeds 
3 . 0 , the next higher trunk group is provided and, N - 2. 

ANS. Bie grade of service is between .01 and .02. 

4.556 Idi a similar manner, the number of trunks for each of 
the other groups is detennined: 


Objective 
Group (p) 


Unit Calls 
(Busy Hour) 


Quality of 
Service 

No. of Better Than 
Trunics (p) 


A - D .01 

B - C . .05 

C - D .01 

B - D .01 


10.4 3 .01 

27.8 3 ,05 

67.4 7 .01 

216 13 .02 


3 
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TELEPHONE TRAFFIC - DIAL 
CENTRAL OFFICE BQUIiMENT 
SNITCH QUANTITIES 


CONI^TS 


1. GENERAL 

2. SWITCHING STAGES 

3. GRADES OF SERVICE 

4. INTER-OFPICE THUNKS 

5. LINEPINDER - CONNECTOR 

6. ULNEFINDEB » SEIECTOR CONNECTOR 

7. GRADED MULTIPLE 

e. LINEFINDER » 1st SEIECTOR - 2nd SELECTOR » CONNECTOR 


Figure lAe 

Fig\ire IB. 

Figure 2A. 

Figure 2B. 

Figure 3. 
Figure 4« 

Figure 5* 

Figxire 6. 
Figure 7. 
Figure S. 


Intra-ofllce trunk Capacity Tables (10 Teminal Access) 
In Unit Calls or CCS. 

Intra-OffLce Trunk Capacity Tables (15 Temdnal Access) 
In Unit Calls or CCS. 

Trunk Capacity Tables in CCS or Unit Galls (Graded 
Multiple Above 10 Trunks). 

Trunk Capacity Tables in CCS or Unit Calls (Graded 
Multiple Above 15 Trunks). 

The Probability Curve (Full Availability Assumed). 

Method of Grading t)ra Same Level of Thfo Shelves Before 
Eleven Trunks. 

Comparison of Multipling Arrangenents With and Without 
Grading. 

Traffic Diagram Example 4* 

Traffic Diagram - Exmnpla 5. 

Traffic Diagram - Example 6. 


1. GENERAL 


1.1 This section ia intended to provide REA borrowers, consulting 
engineers, contractors and other interested parties with technical 
information for use in the design and oonatruction 6 £ REA-flnanced 
telephone systems. It discusses in particular considerations in 
the calculation of switch quantities for dial central offices and 
replaces Section 510, Issue 3 , August 1954* 

1.2 The purpose of this section is to provide means of detexmlning 
the proper types, quantities and grouping arrangemanta of equip- 
ment that should be famished in a dial central office on the 
basis of traffic considerations. It is intended that this . 
material also serve as a guide to the borrower's engineer in 
verifying that the ^lulpmant schedule furnishes the correct 
nundser of switches or switching circuits in accordance with 
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orlgLoating traffic cstlnatea and the number of lnte3>offloe 
trunks stated in the central office eqali»i»nt contract. In any 
case, however, the provisions of the central office contract 
govem anj situation on an individual project. 

1.3 Although the functions of these equipments are discussed briefly 
in this section, it is assuned that the reader has familiarized 
himself with Section 325 of this manual} REA Form 525 (herein* 
after called the C. 0. Specifications), and other sections in 
the 500 series of this manual. In this section an attmpt has 
been made to keep the exwples as simple as possible so that the 
basic principle a of traffic migineering for ssall dial offices 
will be understood. Detailed arrangements required in these 
offices for operation on a 2-letter 5-diglt nuniberlng basis have 
been otnitted, as this subject is covered in Section 208. 

1.4 Switching equipments which generally ^ply only to offiees of 
capaoity greater than 600 lines are beyond the scope of this 
section and should be given special study by the engineer* 

1.5 In the examples which follow, line tendnals and connector 
terminals required for test and alarm purposes as well as those 
to be provld^ as spare are not specifically covered in each 
example. The number of these required must be added to the 
number required for subscriber lines to dotemine the total 
line and terminal requirements for sn of floe being engineered. 

1.6 Certain refinements are also omitted in the illustrative examples. 
For instanoe, there is normally some holding of line finders by 
customers and permanents without digits being dialed. These 
atteopte are generally referred to as "false starts". However, 
in this section it is assumed that all traffic on lineflnders 
will be routed over trunks from the first selectors. 

2. SWITCHING STAGES 

2*1 The intra-office subscriber line to subscriber line switching 
arrangements enplosred In dial central offiees Which find appli- 
cation in most REA-finanoed systems are of three basio types: 


Number of 
Stazes 

Switching Equip- 
ment Eequli^d 

Ultimate No. 
of Lines 

1 

Line fin der-Come otor 
(Links) 

100 or 

200 (".itroadspairlO 

2 

Lina find ex^Sele otor- 
Conneotor 

»800 

3 

Lina finder^ 

Ist Seleotor- 
2nd Seleetoi^* 

Connector 

■eOver 800 


^Extended area servlee or terminal per station operation may cause 
the introduction of second selectors with less then SCO lines. 


- 2 - 
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Each of the selector systems above may require the use of second 
^ spisetlmes third selectors for Infrequent oondlUona ^ 

trunks must be provided for suA sendees as wire chief. 
tion, business office and revert! ve calls. nafonaa- 


3. GRADES OF SERVICE 

3»1 Intra-off Ice trunks. 


3.11 The central office dial swltdilng equipnent should be pro- 
vided on a baslB which will result in approxlnately three 
calls In each 100 encountering an al.l tiunk busy condition 
during t he busy hour of the last busy season before an 
addition to the office is expected. This three percent 
lost calls applies to the switching eqvtlpaient used after 
dial tone is received, A call attempted when all line- 
finders are busy is delayed and can he completed if the 
calling party continues to hold his line until a linefinder 
becomes available. Copies of "Intra-office Trunk Capacity 
Tables", found in the C. 0, Specifications, are included 
in this aeetion as Figures lA and IB, As of this date only 
the Lelch Cem^jany uses Figure IB for determining switch 
quantities. 

3.12 The C. 0, Specification requires that if the traffic to be 
carried by an intra-office trunk group exceeds the traffic 
carrying capacity of a given number of trunks as Indicated 
in Figures lA and IB by one unit call or more, the next 
higher number of intra-office trunks should be provided. 

3.2 Intar-office trunks. 

3.21 Inter-office ttunks will usually be engineered on the as- 
sumption that the dial switching equipment will have access 
to only ten trunks on a level. Figure 2A should therefore 
be used. When it Is known that the C. 0. equipment will have 
fifteen terminal per level access. Figure 2B sh.culd be used 
to determine Inter-office trunk quantities. In addition to 
determining the number of inter-office trunks. Figure 2A or 
2B should also be used to determine ttie nuaber of revertive 
call switches. Figure 3 !& furnished principally to show 
grades of service outside the range of Figures 2A or 2B, 

Note that it assumes all of the trunks in the trunk group 
are available (full access) so that for large groups of 
trunks it is not useable. 

3.22 In this section the convention is followed that, if the 
traffic to be carried by an inter-office trunk group exceeds 
the traffic-carrying capacity of a ^ven number of trunks 
(as indicated in Figure 2A or 2B) by more than 10 percent 
of the difference between the number of unit calls corres- 

■ ponding to that number of trunks and the rvumber of unit 
calls correeponding to the next higher trunk groiq), the 
next higher number of trunks should be provided. This will 
be illustrated in examples >dkleh follow, 

- 3 - 
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3.23 The grade of service for inter-office trunks wLll in general 
vary from P a ,Q3 to P a ,10, depending on economic factors 
and the class or classes of traffic to be routed over the 
group. It is an observed fact that for all types of inter- 
office trunks the subscriber unwlttln^y ccaisiders that the 
grade of service rendered should be excellent if the distance 
to the called office is saall; on the other hand, a somewhat 
poorer grade of service will be tolerated when the called 
office is some distance away. The subscriber will become 
ihqjatient more quickly with Inability to get an operator, 
particularly on an emergency call, than with Inability to 
get another subscriber. These and other considerations enter 
into detenninlng an appropriate grade of service for inter- 
office trunks. 


3.24 The grades of service for toll connecting (formerly toll 
tributary) trunks vdLU in general vary from P *• .03 to 
P s , 05 , and those for non-toll connecting (formerly EAS 
and short haul toll) from ,05 to ,10, depending on the 
length and type of trunks, (dasses of traffic to be routed 
over the group end on the type of canmunity sejrved by the 
trunk group. For average conditions it is suggested that 
the following table be used to determine the number of trunks 
to provide! 


Groups up to 8 miles in length 


ToU Non-Toll 
Connecting Connecting 

■■L..2. ? .OaJ 

P a .03 .05 


Groups over d miles in length P ~ .05 .10 

(1) EXCEPTIONS } Some less liberal provision of trunks may 
be Justified for unusual situations where the conmmnity 
served by the group ie such that the peak traffic each 
year is of short duration. A resort or a truck farming 
area where the mariceting season is short would be 
exan9)le8* Also, less liberal provision of trunks would 
be Justified where the cost of trunk facilities is 
excessive. Under extreme conditions a grade of service 
as low as 0.10 may be Justified for toll connecting 
tninks. ' On the other hand, more generous provision of 
trunks would be desirable (l) for large trunk groups 
(note that Figures 2A and 2B make no provision for grades 
of service poorer than .05 for groups of over 10 trunks), 
(2) where ^e distance between two larger offices is 
very short (a mile or so), (3) or for any oases where 
no significant economic penaltiee are suffered. 


(2) Only toll connecting (see paragraph 4 for definition) 
trunks are Inclxided in this category. 


, 4 - 
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(3) A aingl© intes^office trunk group >dtLch carrLoa a conibina- 
tion of toll destined for the nationwide toll system jad 
extended area service traffic riiould bo engineered to the 
Bsme grade of service as if all calling were toll. On the 
other hand, a toll trunk group which carries only termina- 
ting traffic, that traffic which is never carried by the 
nationwi.de toll switching system, should be engineered on 
the same basis as non-toll connecting tnink group. 

4* INm-OFFICE TRUNKS 

4»1 Inter-office traffic is herein considered as divided into two broad 
classifications: toll connecting and non-toll connecting. A toll 
conmcting trunk is one vAiich provides a means of connecting the 
local exchange to the nationwide toll astern at a toll center} such 
a group usually includes operator office traffic. A non-toll con- 
necting trunk group carries toll traffic which is never included 
in the nationwide toll switching plan or nothing bub non-toll (EAS) 
calls. Groups carrying a cwnbination of these types of traffic are 
possible. 

4»2 Inteivofflce trunks may be arranged for traffic in one direction 
only, or in tvo directions, the former being called one-way trunks 
and the latter two-way. Incoming one-way trunks require an in- 
coming selector or connector at <me end only; whereas all two-way 
dial trunks require an incoming selector or connector at each end. 

4*3 If there is to be traffic in both directions, it is necessaxyr that 
one-way trunks be in two groups, one for each direction. One group 
of two-way trunks may be tised for operation in >-oth directions. It 
is always true that vdiere there is calling in both directions 
between two points, the trunk group efficiency of two-way trunks is 
greater than that of one-way trunks. Therefore, more one-way tmnks 
are necessary for a given amount of traffic and grade of service 
than two-way trunks. 

4*4 The choice between one-way and two-way trunks resolves Itself into 
balancing the saving in central office equipment against the in- 
creased cost of caitside plant or carrier channels to provide for 
the greater n\unber of paths for one-way tmnking. Tw^way trunks 
should be provided if from 1 to 10 trunks are required initially. , 

If from 11 to 30 trunks are required initially, it will generally 
be economical to provide seme one-way and some two-way trunks. 

This plan of pro^dding some Individual one-way trunks from each 
office with a group of two-way tranks as last choice at both offices 
will co]i^>ensate for errors in the estimate of the traffic in each 
direction. Tmnking in this manner becames a fom of graded multiple 
with one or more legs of the grade in each office so it will be 
satisfactory to assume that combination tmnk groups are as effi- 
cient as a regular graded group. Grading is explained in more 
detail in paragraph 7* 


- 5 - 
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4,5 nsrMPla 1 . This etxanple illustrates a method of determining the 
number of tnter-offloe tninka^ based on traffic 
estiiaates. 

4.51 In Sketch 1 trunk groups A-D, B-D and C-D are toll connecting 
trunks* Trunk groups A-B and B^ are EAS* EAS shall exist 
between A-B and B*0. 

4.52 Calla between A and C shall be ticketed at the toll carter, D. 

C 



SKETCH 1 


- 6 - 
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4*53 Calling rates are as follow: 


Direction 

and 

Tennlnatlng 
Points of 
Traffic 

Subscribers 

Average No* of Originating 
Messages 
( Busy Hour) 

Average 

Originating 

Unit 

Calls■w^ 

( Busy Hour) 

Office 

No. 

Per Subscriber 

Total 

EA3 

Toll 

A - B 

A 


.02 

M* 

2.00 

3.x 

A - C 



- 

.0025 

.25 

. .75 

A « D 

A 

100 

- 

.015 * 

1.50 

if.50 

B - A 

B 

1500 

.0012 

m 

1.00 

2.70 

B - C 

B 

1500 

.006 

- 

9.00 

13.50 

B “ D 

B 

1500 

- 

.024 * 

36.00 

100.x 

0 

1 

> 

C 

500 

- 

.00045 

.23 

.69 

C » B 

C 

500 

.019 

MS 

9.50 

14.25 

C - D 

C 

500 


.022 * 

u.oo 

33 .x 


« to D include oalle beyond the toll center • except for 

calls from A to C and C to A* 


«« Holding times: EAS • 1^0 

^ These values may vary over 
depending upon calling hab 
toll center. 
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4,54 How many tranks are required in each of the five groups A-B, 
iUD, B-C, C-D, and D-B, assuming that toll traffic to the 
toll center and to exchanges outside the Bgrstem is equal in 
either direction for toll groups? 


4.55 Solution 

4.551 It is to be noted that each item in the tabulation 
above considers traffic in one direction only. Where 
toll traffic to the toll center or to exchanges out- 
side the system is considered, the number of unit calls 
is doubled to account for the total traffic in the 
group. 

4.552 Group A-B will carry all traffic originating or 


terminating at A. 


Direction 

Unit 

of Traffic 

Calls 

A-B 

3,0 

B - A 

hi 


5,7 


4,553 Similarly, for other trunk graips 

— 5 — * 1 L } • ' K? = or 10.4 unit calls. 

4.5 X 2 / .75 f *09 

B-C s 27.75 or 27.8 unit calls. 

13.5 ^ lA.^ 

,2-^ — ;rr-R = ^7.44 or 67,4 unit calls. 

.75 / .69 / 2 X 33,0 


B - D s 216 unit calls. 
2 X 108 


4,554 The grades of service, in accordance with paragraph 
3*24 aret 


Group 

A-B 
A - D 
B-C 
B - D 
C-D 
D - B 




No. of 

Grade of 

EAS 

ToU 

Miles 

Service 

X 


11 

.10 


X 

16 

.05 

X 


10 

.10 


X 

5 

. ,03 


X 

9 

,05 


X 

•• 8 

5 

,03 
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4*555 Consider group A-B. The number of unit calls to be 
carried Is 5*7 and P a ,10. Prom Figure 2k for this 
grade of services 


No. of No. of 

Trunks Unit Calls 

1 3*8 

2 19.1 


Unit Calls 
Difference 


15*3 


From paragraph 3*1> 

105« X 15*3 = 1*53 

If one trunk is to be provided, the maximum traffic 
which the group may carry iss 


3*8 ^ 1.5 5*3 

Since the number of unit calls to be provided for 
exceeds 5*3, the next higher trunk group is provided 
and, 

N = 2* ANS* The grade of service is then 
P = .02* 

4*556 In a similar manner, the number of trunks for each 
of the other groups is determined; 


Objective 
Group P 

Unit Calls 
(Busy Hour) 

No. of 
Trunks 

Actual 

P 

A - D 

*05 

10.4 

2 

.04 

B - C 

.10 

27.8 

3 

.05 

C - D 

.05 

67.4 

5 

.05 

B . D 

.03 

216 

*12 

.02 


5* LINBPINDBR - CWnffiCTOR 

5*1 A lineftnder in a llnefinder - connector eyatm connects "back-to- 
back” vd-th a local connector; the nianber of local connectors is 
therefore equal to the number of lineflnders. The maximum number 
of lines and trunks in such a system la either 100 or 200, the 
so-called "broadspan” system being representative of .the latter. 

5*2 The number of lineflnders * 
the number of lines per ■* 
criteria for the number 
considered hereinafter* 

* If this was the Initial 
eight last choice 2-way 
rather than twelve 2 -wa 3 
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5.3 A ltneflnd«r group ia a number of lineflndera which serve a definite 
(or specific) group of subscriber lines having access to any one 
of the linefinders in the group. In offices large enough to re- 
quire more than one lineflnder group only part of the sijbscrlber 
lines vdll be served by each lineflnder group. 

5.if The usual number of lines having access to a lineflnder group is 

100 or 200, depending upon the type of equipment used. The advantage 
of using 200 line capacity linefinders is that, with the larger 
size, greater trunk efficiency is obtained and therefore fewer 
total linefinders will be required for an office; against this the 
supplier weighs the addition^ cost per lineflnder and associated 
equipment where a lineflnder having access to a larger number of 
lines is considered. 

5.5 It is pertinent to mention that the grade of service rendered by a 
lineflnder group ia intimately associated vdth the percentage of 
line circuits equipped for lockout. A line which is shorted and 
is not equipped for lockout will hold a lineflnder and connector 
out of service and thus effectively reduce the trunking efficimcy 
of the group until cleared. This accounts for the difference in 
Columns G and H of Figure lA. 

5.6 Example 2. A central office proposal calls for 40 lines equipped 
Initially and 60 lines equipped in ten years. The average origina- 
ting busy hour unit calls per line is 2.4 initially and estimated 
to increase to 2.5 in ten years. All lines are equipped for lock- 
out. Three bids are received. 

5.61 The first provides six linefindei'-connectors, the maxLmum 
number of links with which the switchboard may be equipped. 

5.62 The second bid provides 6 links equipped and a maximum 
capacity of 10. 

5.63 The third bid provides 7 links equipped and a maximum 
capacity of 10. 

5.64 Which bidder has met the minimum requirements of the pro- 
posal from a traffic point of view? 

5.65 Solution ; 

5.651 There are to be 40 lines equipped initially and 60 
lines ultimately. The total number of originating 
unit calls which the equipment must handle is* 

2.4 X 40 - 96 unit calls 
initially and, 

2.5 X 60 = 150 unit calls 
ultimately. 
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5,652 Referring to Figure lA, Column H, it is seen that 
seven lineflnders must be provided initially and 
ten ultimately. Therefore, only the third bidder 
has met the specification. AMS. 


6. UNEFINDER - SEIECTOR - CCaiNECTOR 

6.1 In the linefinder-seleotor-cormector system tlie number of local 
first selectors is equal to the number of llnafinders. The number 
of connector groups is detennlned by the number of lines if 
teminal-per-line operation is required or the number of main 
stations if each main station is assigned a connector terminal. 

The number of connectors is then detennlned for each group from 
the estimated traffic, both that from the office itself and that 
incoming from other offices, 

6.2 In a llnefLndep-connector system, revertive calling (calling from 
one subscriber to another on the same line) is usually accomplished 
by dialing the listed directory number and no special level or 
terminal assignments are necessary. In systems involving selectors, 
revertive calling is often accomplished by dialing a special number. 
A level on the first selector or subsequent selector is reserved 
for revertive calling. This level connects to a group of revertive 
call switches. 


6.3 Where an office is equipped for 100 percent lockout, the time that 
the revertive call switch is in use is only until the called station 
answers; vrtiere some of the lines in the office are not equipped for 
line lockout, it is necessary that the revertive call switch be 
held during the entire conversation time. The holding time associ- 
ated with the revertive call switch grc«p, therefore, depends upon 
whether all line circuits are equipped for lockout. It is generally 
assumed that approximately 5 percent of the unit calls «iginattog 
on party lines are attributable to revertive traffic* This is the 
traffic load that should ordinarily be assumed where all lines are 
equipped for lockout. Five percent may be too low for some cases 
vhere the ooiranunity of interest among subscribers on each rural 
line is high. As a general guide, however, two revertive call 
switches will usually be adequate for REA offices up to 3W lines. 
For offices larger than 300 lines, the estimate of revertive traffic 
should be made after analysis of local conditions. Where the 
office is equipped for 100 percent lodccut, the unit calls for 
revertive traffic should be multiplied by 15 percent to obtain the 
load on the revertive call switch grcup. 

6. A ExacDle 3. A switchboard is to be equipped with 160 lines and 
aiTlIjnies are to be equipped with the line lockout feature. The 
average originating busy hair unit calls per line is 2.0. 


6.A1 (a) 


How nmny lineflnders are required if’ the maxifflum number 
of lines per line finder group is 100 and 100 lines are 
in one groi^ and 60 lines are in the other? 


- n - 
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6.42 (b) Hw many if the maxlmutt number of linos per line finder 

is 200? 

6.43 (c) How many if the maxinmm number of lines per llneflnde; 

is 100 and 80 lines are in each group? 

6.44 Solution 

6.441 (a) The number of unit calls to be carried by each 

linefinder group is, 

100 X 2,0 = 200 unit calls 
60 X 2,0 = 120 unit calls 

Referring to Figure lA, Column H, it is seen 
that 11 trunks will carry 192 unit calls and 12 
trunks will carry 218 unit calls. Therefore, 

12 trunks are required for the 100 line group. 

From the table, the 120 unit calls for the 
partial linefinder group will require the pro- 
vision of 8 line finders. The total number of 
linefinders is 20, ANS. 

6.442 (b) If all lines may be included in one group, 

160 X 2.0 = 320 unit calls 

are carried by that group. Referring to 
Figure lA, Column H, it is seen that 15 trunks 
will carry 296 unit calls and I 6 trunks 324 unit 
calls. The number of linefinders required is 
therefore 16, ANS. 

6.443 (c) If the lines are in two equal groups, ' 

80 X 2.0 * 160 unit calls 

are carried in each group. Referring to Figure 
lA, Column H, it is seen that 10 trunks will 
carry 168 unit calls . The number of linefinders 
required is 2 x 10 ■ 20, ANS, 

Example 4. This example illustrates an office having a low calling 
rate per line. In Example 5, a high calling rate per line for the 
same office is illustrated. 
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6.51 A step-by-step switchboard specification reads as follows; 

OrLgLnating 
Busy-Hour 
Unit Calls 



Number 

Per Line 

Individual Lines 

60 

1.2 

Party Lines 

240 

1.5 

Two-way Operator 

8 

- 


Office Trunks 

6.52 Five percent of all traffic originating on party lines is 
revei^ive and no lines are equipped for lockout. Traffic on 
inteiN-office tiunks is equal in either direction. 

6.53 CalcxOate the number of groups and switches per group for 
the following equipment; 

(a) Une finder 3 (100 lines per group)* 

(b) Local first selectors 

(c) Incoming selectors 

(d) Connectors (terminal per line) 

(e) Revertlve call switches 

6.54 Solution (Refer to Figure 6) 

6.5401 (a) Since there are 300 lines in the central office 

and 100 linos per group, line finder groups 
are required. ANS. 

6.5402 Twenty individual lines and eighty party lines 
are assigned to each group. Therefore, the unit 
calls per line finder group are: 

20 X 1.2 a 24 

80 X 1.5 * 120 

Unit Calls = 144 


#Two groups of 200 line linefinders may prore economical in 
an office of this siae in some cases. 
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Raferrtng to Figure lA^ Colutan G, it is eeen 
that 9 txvnks will carrjr 126 unit calle and 10 
trunks 149 unit calls. Ten ItnefinderB per 
group are therefore required. 

3 X 10 s 30 lineflnders. ANS. 

6.5403 (t) The number of local first selectors is the same 

as that for the lineflnders. ANS.. 

6.5404 (c) Each two-way trunk requires an incoming selectorj 

8 will, therefore, be required. ANS. 

6.5405 (d) One hundred lines shall be served from each of 

three selector levels. There are, therefore, ^ 
oonneotpr groups. 

6.5406 In Figure 6, it is assumed that first selector 
levels 2, 3 and 4 are to be used for connector 
groups serving subscriber lines. The number of 
trunks from selector level 2 to the ”200" group 
of connectors depends on the number of unit, calls 
which are incoming to the connectors. In this 
case there are two classes of calls which ori- 
ginate in the exchange and which are not incooing 
to the local connectorss calls to the operator 
office and revertive calls. 

6.5407 It is stated that in this office traffic on 
inter-office trunks is equal in either direction. 
Therefore, there is as much traffic from the 
operator office which will be inccaning to local 
connectors as there is traffic originating in 
local first selectors which will not go to 
connectors. The net effect of the operator 
office trunk group on traffic to local connectors 
is therefore zero. 

6.5408 A different selector level, say 5» wS-H be 
assigned to revertive call switches and, since 

5 percent of all calls originating pn party lines 
are revertive calls, 

.05 X 1.5 ■ *075 

unit calls per line are revertive calling. This 
means that 

80 X .075 = 6 

unit calls for this group of 100 lines will not 
go to the 200 line connector group. The total 
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number of unit calls to the connector grcMp^ 
adjusted for revertive calls is, 

L4A - 6 = 138 unit calls. 

6.5409 Referring to Figure lA, Column J, it is seen 
that 9 connectors are required in the 200 line 
group. Similarly, 9 T<«ill be required in both 
the 300 and 400 line group or a total of 27 . 

ANS. 

6.5410 (c) The total nximber of unit calls to be handled 

for the party lines by revertire call switches 
is 240 X ,075 - 18 unit calls. Referring to 
Figure 2A, P = .01, it is seen that revertive 
call switches are required. Since access to 
these vdll all be from first selector level 5f 
they vdll be in one group. ANS. 

7 . GRADED MULTIPLE 

7.1 Grading is normally done by the svdtchboard supplier but an under- 
standing of it is required for satisfactory C.O.E. acceptance test- 
ing and it can result in the design of a loiter cost system vdth 
iiqjroved traffic handling capabilities. It vfill also be valuable 
vfhen rearrangements are necessary because of unanticipated traffic. 
It is important that trunks from selector levels be arranged in 
such a manner that they vdll operate at the maximum possible 
efficiency as far as call carrying capacity is concerned, and at 
the same time furnish the required grade of service. Most selec- 
tors have access to not mor« than ten trunks on each of its ten 
levels. The bank multiple for a shelf of ten selectors is common 
and therefore all ton selectors use the outgoing trunks for each 
of the ten levels in common. Should more than ten trunks be 
required from a level of selectors, the trunks are usually 
arranged in vdiat is called a graded multiple grcup and the ten or 
less selectors mounted on each shelf will have access to only ten 
of the trunks. 

7.2 Any one of the ten lev« 
selectors can be arrani 
trunks. This is acconq 
terminals of one or mo3 
one to five, usually, 
two or more similar fii 
individual trunks. Th< 
not used for the above 
with trunks which are 1 
tninks will, therefore 
finds all the trunks i) 
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Tha following fomula can be used to determine the number of Indi- 
vidual trunks In each leg of the grade: 

Number of Individual . Number of Trunks - Trunks Per Level 
Trunks for each Leg " Number of Legs - 1 

The greater the number of legs in the grade the greater the efficiency 
up to about six or seven legs* Due to the physical limitations it 
will not always be possible to have the most efficient grade. With 
the usual ten trunk access per level svdtch the preferred number of 
common trunks is five or more. 

7.3 The simplest graded multiple arrangement of trunks from a level of 
selectors would be the case of twenty selectors^ arranged on two 
shelves (two legs) of ten selectors each, before eleven trunks. This 

is represented by Figure 4, ^ Th® first shelf of ten 

selectors would be given access to ten trunks, but the last nine of 
these trunks would be multipled to the corresponding nine terminals 
of the second shelf of ten selectors. The second tm selectors 
would be provided with a trunk assigned to the first terminal for 
their exclusive use ( shown as trunk 11 in Figure 4) us the first 
choice trunk. When one of these ten selectors has a call and finds 
its first choice trunk busy it hunts over the remaining nine trunks 
shared in common with the other ten selectors. Each leg of the grade 
therefore, has one first choice individual trunk and nine common 
trunks. Due to an REA requirement most manufacturers provide rotatlo 
over the first three trunks on each level which tends to reduce the 
efficiency if they are common to other legs of the grade, 

7.4 In actual practice the number of selectors to be multipled before 

a graded group of trunks for a level will vary and so will the number 
of trunks in the grade depending on the size of the office and the 
volume of traffic to be routed from a selector level. Some ad- 
ditional cases are shown in Figure 5 and in Examples 5 and 6 , 

7.5 As a comparison of the trunking efficiency with three arrangements 
of trunks the following is of Interest: 

From Figure 3, for P « .02 it will be noted that one group of 18 
trunks having full access will carry 10 erlangs ( 36 O unit calls). 
In Figure 2A, for P = .02 a graded group of 18 trunks will carry 
341 tinit calls with ten point access switches. Again referring 
to Figure 2A, for P = .02, 18 trunks arranged in two subgroups 
of 9 trunks each will carry 

2 X 142 « 284 unit calls. 
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This oonp&plsoii Indicatsfl wh®r0 th®f® ifl ft ^olo® of txvoking 
annuigso^nts thejr @h(»&ld in g^oral b® eolsetedf first for Itall 
ftoossBf then for grftdod mtltiplO). and last mibgrcuplngt to taka 
advantoga of tiia rslatlvaly groatar thinking ©ffiolaicy* 

7»6 Conoldar a sltufttion ^®r® unit esll® (0 ©rlangs) ara to ba 

oarrlad fron ona lewl of a group of second selectors to oonaaetors 
with P = .01, 


7.61 Aasuffis that any number of trunks asay bo biay-testad on a 
loTol of a group of salectorB (full access). Prom PiguM 3 
(P s .01), it is seen that 1^ tranks to cm oonnsetor group 
will be required. 

7.62 If a maxlrom of ten trunks aay be buuy-teatod on a la^ of 

a selector no grading is enployad^ from Figura 2A^ 

P = ,01, it is seen that 10 trunks td.ll carry H9 unit calls. 
Two subgroups of 10 trunks each carrying a total of 298 unit 
calls are necessary. 


7.63 If grading is eaployed with the tj^je of selectors ^ P*f****P^ 
7.62, ^n from Pigure 2A, P = .01, it is seen that 18 trunks 
in a graded group will carry 310 unit calls. 


7.64 A qualitative representation of conractions in ^ 
ment of paragraph 7.62 is shown in Figure 5A. The 
nent for paragraph 7.63 io show in Figure 5^ 

borne in mind that all temlnals storm in eadi figure appear 
on the same level among all the selectors In ea<a» group. 

7.65 In Pigure 5A, half the second selectors have the teminale 

of tSs level multlpled and gol^ to one . 

nectors as trunks 1 to 10 in subgroup l,and the 
selectors have the terminals of the seme 

going to another subgroup of oonnsotora as t^s 11 to TO 
S subgroup 2. Theory, borne out by actual tes^, indlMtes 
that when trunks are always tested in order, 

No. 1, the last few will carry very little .®*P®^*“® 

Sm stown that their load can bo raised by 
gwupa access to these last-choice trunks withwit mter^^ 
Sereasing the calls lost. This, of course, increases the 
efficiency of the group as a whole. 

7.66 In Figure 5B, those selectors tove 

1 to 4 do “ot have access to lull 

selectors have access to trunks 5 to 10. It ^ t^s toU 
availability of the last tosy-tested 

which makes it possible to cany the same traffic with 18 
trunks using grading as with 20 not using grad^. It ia 

I.U 

which makes it necessary that there be 18 truiucs uaxng gxwi« 
instead of l6 if grading were nnnecessary. 
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*7*7 Example 5« This example is the same as Example 4» except for the 
higher originating calling rate which requires the use of graded 
multiple for trunks from first selectors to connectors. 

The traffic specification for a switchboard is as follows: 



Number 

Originating 
Busy-Hour 
Unit Calls 
Per Line 

Individual Lines 

(incliding paystatlons) 

60 

1.6 

Party lines 

240 

2.5 

Two-Way Operator 

8 

- 


Office Trunks 

7.71 Five percent of all calls originating on party lines is 
revertive traffic and no lines are equipped for lockout. 

Traffic on inter-office trunks is 1A2 unit calls with equal 
traffic in both directions. Each first selector may search 
over a maidBiipn of ten trunks per level and selector shelves 
have a capacity of 10 selectors. 

7.72 Calculate the number of groups and the switches per group 
for the following: 

(a) Line finders (100 lines per group)* 

(b) Local first selectors 

(c) Incoming selectors 

(d) Connectors (terminal per line) 

(e) Revertive call switches 

7.73 Solution (Refer to Figure 7 )« 

7.731 (a) Since there are 300 lines in the central office 
and 100 lines per group, 2 , line finder groups are 
required. ANS* 

*200 line lineflndex*s may prove economical in an office of this 
size. 
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7.732 Twenty Individual lines and eighty party lines 
are assigned in each of the three groups. There- 
fore, the unit calls per linefinder group are: 

20 X 1.6 ® 32 

eo X 2.5 = 200 

Unit Calls 232 

Figure lA, Column G, is used since all lines are 
not equipped for lockout. It is seen that I 4 
line finders per group are required or 

3 X 14 = 42 line finders, ANS. 

7.733 (b) The number of first selectors is the same as the 

number of line finders there will probably be. 

Three shelves of 8, md 2 shelves of 9, ANS. 

7.734 (c) Each tvo-way trunk requires an incoming selector; 

one group of 8 vdll therefore be required. ANS, 

7.735 (d) A maximum of 100 lines, one connector group, 

shall be served from each of three selector 
levels. There are therefore three connector 
groups, ANS. 

Assume that each of the first selector levels 2, 

3 and 4 is assigned to a group of connectors. 

The number of trunks from selector level 2 to 
the "200" group of connectors depends on the 
number of unit calls which are incoming to the 
connectors as in Example 4* 

Assume that level 5 goes to revertive call 
switches. Since 5 percent of the unit calls on 
party lines are revertive calls, 

,05 X 2,5 = .125 unit calls 

per line are revertive calling. 

The total number of unit calls to the "200" 
connector group, adj\isted for revertive calls, 
and the fact that incoming trunk traffic equals 
outgoing, is, 

232 - (80 X . 125 ) = 222 unit calls. 
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Referring to Figure lA, Column J, it is seen that 
13 connectors are req^dred ibr the 222 tmit calls. 
Similarly^ 13 connectors >dll be required in 
each of the “300” and "400” groups or a total of 

3 X 13 = 39 connectors. ANS, 

One-third of the incoming toll traffic, (1/3 x 71) - 
27 unit calls, terminates in each connector group. 
Each of the five groups of local first selectors 
offer approximately 1/5 (232 - 10 - 27) = 39 unit 
caHa to each connector group. There are six 
(5 local and 1 toll) shelves of selectors. This 
should be divided into as many groups as it takes 
to give approximat^y 5 commons. The number of 
legs can conveniently be 6 of one shelf each, 3 
of two shelves each, or 2 of three shelves each. 

The number of Individual trunks for each' arrange- 
ment is as follows: 

« = ^ = 1 . 5 . 


13 - 10 .^ 

2-1 

A desirable pattern for grading each group of 13 
connectors before the six shelves of selectors is 
as follows: 

* 


8 Toll Selector 8\ 
27 U.C. 

9 Ist Selectors V 
39 U.C. f 

9 1st Selectors | 
39 U.C. y 
8 1st Selectors^ 
39 U.C. 1 
8 1st Selectors V 
39 U.C. / 
8 1st Selectors I 
39 U.C. . J 



10 


# Trunks 1, 2 and 3 are picked in rotation as are 11, 12 and . 
13, even thou^ the first choice trunks may actually be idle. 
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7«736 (®) The total number of unit calls to be carried 
by reTertlve call sidtches is: 

240 lines x .125 s 30 unit calls 

From Figure 2A, P s .01, it is seen that ^ 
srevertive call switches are required. ANS. 

8. UNEFINnER - let SEIECTOR - 2nd SEIECTDR - CONNECTOR 

8.1 Vfhen the total number of trunk groups from first selectors exceeds 
ten, second selectors and infrequently third selectors may be re- 
quired as there are but ten levels available for trunk groups from 
first selectors. 

8.2 The flexibility made possible by such an arrangement sometimes makes 
the use of terminal per station (TPS) and terminal per line (TPL) 
connectors In the same office desirable. It is generally advisable 
to include in a traffic specification not only originating but 
terminating busy-hour traffic in order that the proper amount and 
arrangement of each t^pe of equipment may be determined* 
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8,3 g-xMiiplft The traffic data in a central office speol- 
floatlon contains the following infozuatlon: 

Estimated Initial Originating Traffic (B-4I 







Total 1000 400 139 Total 4^3 ‘ 430 253 

(o) (d) (k) (h) (J) 


* This figure is the calling rate per PfiZ (PABX) trunk. 

^ This figure is the number of PBZ (PABZ) trunks. 
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Outgoing Intei^ffloe Traffic (B-H) 

Inter<-offlce 

Trunk Group 

Two-wy - 
to operator 
Office 

Two-way - 
to EAS 

Office »»r*» 

Service 

Toll & 
Assistance 

EAS 

Distance to 
other office (ml*) 

6 

7 

Uhit Calls/maln station^ 

*08 

.11 

Total Main Stations 

U83 

1483 

Total lliit Calls 

119 

163 


1 

These should be derived from data on the existing 
system* 
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8.301 Five percent of all originating traffic on party lines is 
reverting, and revertive call svdtches shall be used. AH 
lines are equipped for lockout. Fifteen percent of revertive 
call traffic is carried by revertive call switches (from 
receiver off until the called party answers), 

8.302 Due to the initial percentage of 2 and 4 party stations 
and the anticipated growth, it is determined that 1, 2 and 
4-party and paystation service shall be pnjvided by terminal 
per station (TPS) connectors and 8-party service by terminal 
per line (TPL) connectors. 

8.303 The distance to offices X and Y indicate that a grade of 
service of P = ,03 Is to be rendered on operator office 
trunks and P = .05 on EAS trunks. Line finder groups shall 
be arranged for a maximuin of 200 lines. All switches shall 
be the 10 point access per level type and selector shelves 
shall have a capacity of 10 selectors, 

8.304 The first selector level assignments shall be as follows: 

Level To 

0 Operator office trunks to office X 

9 Paystation (mult, to level 2) 

8 EAS trunks to office Y 

7 Revertive call switches 

6 Unassigned 

5 Unassigned 

4 TPL connectors 

3 TPL connectors 

2 2nd selectors for TPS 

1 Unassigned 

8.305 Levels 1 through 5 of the second selectors shall be 
assigned to TPS connectors and levels 6 to 0 shall be 
xmas signed. 

8.306 Verification shall be obtained from a i^ecial gro\^ of 
switches off level 0 of the incoming operator office trunk 
first selectors. 
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8.307 Incoming and outgoing traffic in Inber-offioe trunk groups 
are approadnately equal.'H^ 

8*308 Determine the quantities and grouping arrangements of the 
following equipment: 

(a) Linefinders 

(b) Iiocal first selectors 

(e) Incoming first selectors for operator office trunks 

(d) Incoming first selectors for EAS trunks 

(e) RevertlTe call switches 

(f) TPL connectors 

(g) Second selectors 

(h) TPS connectors 

8*309 Indicate by notes the multlpling, grading, and trunking 
arrangemsnta to be provided and show the flow of traffic 
to and from the various switching stages by nsans of a 
traffic dlagiam. 

8*310 Solution (Refer to Figure 8) 

8*3101 (a) From Itsms d and j of the trafUe specifica- 
tion for this office a total of 

139 / 253 * 392 lines 

are required in this central office* Since 
each linefinder group has a oapaoity of 200 
lines, 2 groups are required* The first shall 
have **<200 working lines and the second 192 
working lines* ANS* 

From items c and h, the average originating 
traffic per line is, 

AOO 1^ li30 . 2*12 unit eell e 
392 ” line 

* It should not be inferred from this ecumpla thaf Uti* i* 
naoeasarlly tiue in all cases, however* 

*** It nay be inpoMlbla for scaie suppliers t 
uorki^ lines in the group because of 
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Tta« ‘traffic to llnofinder Group X l 8 > 

200 X 2«12 a unit calla* 

Tbat to Group II la, 

192 X 2.12 a /t 07 unit oalla. 

From Figure lA, Column H, It is seen that Group I 

should be equipped with 20 lineUnders and 

Group II with 19 linefdnders or a total of 39 , ANS. 

d.3102 (b) The number of local flret selectors Is the sane 
as the number of lineflnders. They will be 
arranged in three groups of 10 and one group of 

9. 

8.3103* (e) Level 0 . The total traffic to be carried by the 
trunks between this office and office X is twice 
the originating traffic since It is equal in 
both directions? 

2 X 119 s 238 unit calls. 

The grade of service being .03 « a need of more 
than 10 trunks (the naxiinum >Atioh cm be fully 
accessed from one level of a selector) is indica- 
ted in Figure 2A, From this figure, N s 13 ^ 
arranged in a graded group. If one leg of the 
grade is in each office, seven 2 -way and six 

1 - way trunks will be the most economical. 

8 . 3104 * (d) Level 8 . In a similar manner, the traffic to be 
carried by BAS trunks to office T is, 

2 X 163 ■ 326 unit calls . 

P • . 05 , and from Figure 3» 

N s 16. ANS. 

If one leg of the grade is in each office, four 

2- WBy and twelve 1-way trunks will be the most 
economical. If two shelves are available in each 
office for these selectors, ei^t 2-way and eight 
l<^way trunks (four legs in the grade) would 1 m 
more efficient from a traffic standpoint* 

* These are exanplss of how understanding grading can help 
reduce costs. One and possibly two selector shelves, are saved 
by specifying 2-way and 1-way trunks rather than all 2-way 
trunks. 
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8.3105 (e) Level 7 . The total amount of originating traffic 
on party lines is: 


Class of Unit 

Service Calls 

2P Business 12 

2P Residence 80 

LP 132 

8P hOQ 

Total 684 


The C. 0. specifications define originating traffic 
as that \diich is offered to llnefinder equipment. 

Since 5 percent of party line traffic is revertive, 
and vdth 100 percent lockout revertive call switches 
are held for 15 percait of that time, the percentage 
of originating traffic holding revertive ca,ll 
switches is: 

.05 X .15 = .0075 or 0.75^ 

The traffic carried by revertive call switches is: 

,0075 X 684 = 5.13 or 5 unit calls. 

From Figure 2A, P = .01, 2 revertive call svitches 
are required. ANS. 

8,3106 (f) Level 2 . The total traffic to, second selectors for 

the five grot^s of terminal per station' connectors 
will be the same as the ori^nating traffic as 
shown in item (h), except that the 430 originating 
unit calls Includes traffic to revertive call 
switches. 

The traffic to TPS second selectors, adjusted for 
revertive calls, is, 

430 - (284 X .0075) = 428 unit calls. 

From Figure lA, Column L, 

N = 22 ANS. 

Approximately one-half ^ of the incoming toll and 
EAS traffic is offered to these TPS second selectors. 


- 27 - 



REA-TE & CM-510 


ToU ^ X U9 s 61.5 unit oalls 
£AS ^ ^ " ^4.5 unit calls 


The average local TPS traffic handled by each local 
first selector is 1/39 (426 - 61.5 - 64.5) = 72.3 
unit oalls. 


There are sir (4 local, 1 EAS and 1 toll) shelves, 
of aeleetors. ^eause the traffic from each shelf 
is about equal, six, three and two legs should be I 
checked in arriving at a desirable grading patteni 


The number of individual trunks for each arrange-* 
ment is: 


22-10 

TTX 


2.4j 


22-10 _ . 

3-1 


22-10 - 
2-1 “ 


12 


Six legs tdU give the most desirable grade. 


I 

t 

I 

I 

i 



10 Toll Selectors 
(3 1-way, 7 2-way) 

10 EAS Selectors 
(6 1-way, 4 2-way) 

9 Local Ist Selectors 

10 Local Ist Selectors 
10 Local 1st Selectors 
10 Local 1st Selectors 




1 

? 

146.0 

11 

• 

16 

♦ 


12 

• 

17 

« 

137.4 

13 

• 

16 

• 


14 

• 

19 

• 

144*6 

15 

• 

20 

• 



K 


NOTE: TPS selectors 1, 2 and 3 are picked in rotation 
as are 11, 16 and 3} 12, 17 sud 21} 13, 16 and 
21} 14, 19 and 22} and 15, 20 and 22. 
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8.3107 (g) The nuodier of groups of TPS connectors Is (from 

item K of the traffic specification) 

= 4.^ or 5 groups, ANS. 


There vill be 4 groups of 100^ working terminals 
each and one group of 83 working teminals. All 
the traffic to second selectors will terminate in 
one of these five groups. The average traffic per 
main station is, 

428 - rt rto unit calls 
4^ - o.tsy station 

Groups I to IV each will carry 
0.89 X 100 “ 89 unit calls. 

From Figure lA, Column K, N = 8 for each group. 


Group V will carry 


0,89 X 83 - 74 unit calls. 

For this group, N = 7. The total number of terminal 
per station connectors is therefore 

4 X 8 / 7 = 39. ANS. 

8.3108 (h) Levels 3 and 4 . Column "d" of the traffic speciflca- 
tion for this office shows a total of 339 lines 
terminated on TPL connectors. Therefore 2 groups 
will be required. AMS. 

Group I shall terminate 100 *h^ lines and Group II 
39 lines. 

The average originating traffic per line is found 
from items (c) and (d) to be. 


^ = 2.88 


unit calls 
line 


* It may be impossible fbr suppliers to tove ^ 
working terminals because of tost requirement. 


It may be inq>ossible for wippliers to have . 

working lines in the group because of test requirements 
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Of this traffic 0,75SS, or .02 unit calls per line 
goes to revertive call svdtches. The renudnder 

0 oA m^lt calls 
line 

is equal to the amount of traffic terminating on the 
TFL connectors. 

Oroup I will therefore carry 

2.86 X 100 s 286 unit calls 

From Figure lA, Colximn J, N = 16. 

4 ^ » 1 . 2 ) 1^-10 s 3 - 

6-1 * 3 - 1 


2-1 

In a manner similar to that shown for the TPS 
selectors this grade would have three legs with 
seven connectors common and three connectors 
individual to each leg. 

Group II will carry 

2.86 X 39 - 112 unit calls 

and N « 8* The total number of terminal per line 
connectors is therefore ANS. 
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TRUNK CIPAC ITT TABLES FOR IKTRA-OFnOB TROII8 
(15 lerminiil Aooesi) 



FIGURE IB 
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TRDKK CAPACITT TAjBLE IN CCS OR HI IT n<T.T-<i 
(Pear Use with 10 Terminal Access switching Equipment) 






FIGORB ZA 




TRiniK CAPACIty TABiLfS 1*» CCS CR UNIT 
(For Use IJith I5 Terminal Access Switching Equipment) 
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FIGURE 2B 
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METHOD OF GRADING THE SAME LEVEL OF TWO 
SHELVES BEFORE ELEVEN TRUNKS 


(Subgroup of 11 tninks, two legs of the grade) 


Shelf Trunk 

No. No. 


1 

2 


i 234 5 6789 10 


ii .. 


Due to an REA requirement that during light traffic 
the equipment vdll use three different paths on 
three successive calls^ trunks 1 (or 11), 2 and 3 
xdll be picked in rotation. 


Figure 4 
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t- 


i 


<44 U.C. 

K)t MOUP 



NOIBS 

1. Levels 2,3» and U nwltipled 
among all inponlng and local 
first selectors. 

2. Unit calls in paths ® equal 
unit calls In paths (D • 

3. Level $ and 0 nniltipled 
among local first selectors 
onljr. 

li, “t" denotes trunk circuit 
(trunk Impulse repeater). 


SEC NOTE t 






ON OF MULTIPLING ARRANGEMENTS 
TH AND WITHOUT GRADING 


(2 Subgroups 10 trunks each) 


Trunk 

No. 



B. GRADING (l Subgroup of IS trunks^ three legs of the grade) 


Trunk 

No. 

1 2345678 9 


12 13 


15 16 17 18 


8 



A subgroup (or a leg of the grade) may consist 
of one or more shelves of selectors. Trunks'll 
2 and 3 are picked In rotation as are 11, 12 
and 13, and 15* 16 and 17* 


Figure 5 








TO OUT^IDC PLAWT 
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Figure 6 

TRAFFIC DIAGRAM-EXAMPLE U 


TO 4 REV. CALL SWITCHES 






OUTSIOC PLANT 


2« Unit O&IIA in paths m oquai 
unit calls In paths 

3« Level $ and 0 nultlpled anonfi 
t 




4* denotes trunk circuit 
(trunk lapnlee repeater)* 


tStSCL 


0 SEE NOTE 2 


232 u.e. 
PEN QROUP > 
^ W 
100 LINES > 
PEN anoup 
(3 ONOUPS) 


3r/'j.c. 


222 

1 

3 

C^O^N*?. 

TPL 1 

CONN ' 


Figure 7 

TRAFFIC DIAGRAM-EXAMPLE 5 


TO 4 REV. CALL SWITCHES 






TO SUB. LINES 


iST SELECTORS 


OFFICE "Y" 236 U.C. 
^6 OUTOOmO TRUNKS 

^ 4 -2 way trunks 

6 INCOMING TRUNKS 
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163U.C. 


'163 U.C 


eimiA local 


16TPL oonasetor are 
otorB» 









